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Diagnosis
Aim: The aim of this study was to develop a new Children's Appendicitis Score (CAS) by combining 3 inﬂamma-
tory markers and a set of predictors for suspected appendicitis in children.
Methods: 374 children aged 4–16 years with suspicion of appendicitiswere prospectively enrolled for the deriva-
tion cohort. Demographic characteristics, clinical features, laboratory, and histology data were collected. The out-
come measure was the histological presence or absence of appendicitis. Backward logistic regression was
employed to select predictors for construction of a score. Diagnostic performance of CAS was compared with
the Pediatric Appendicitis Score (PAS) on a separate validation cohort.
Results: The combination of normal white blood cell count (WBC), neutrophil percentage, and C-reactive protein
(CRP) had a 100% negative predictive value for appendicitis. We assigned ‘coefﬁcient A’ as ‘zero’ when all triple
markers were negative and ‘one’ when any one markers was positive. A second component of 6 predictors was
identiﬁed for construction of the ‘raw score’: Localized right-lower-quadrant pain, generalized guarding, con-
stant characteristic of pain, pain on percussion or coughing,WBC ≥ 14000/L and CRP ≥ 24 g/L. CASwas generated
by multiplying ‘coefﬁcient A’ by ‘raw score’.
Conclusion: CAS is superior to PAS in ruling out appendicitis. Risk stratiﬁcation of equivocal patients could guide
the need for further diagnostic imaging examination.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Background
Accurate and timely diagnosis of appendicitis in children remains
elusive [1]. Negative appendicectomy rates have remained above 6%
and perforation rates above 35% despite the widespread adoption of
computed tomography (CT) scan as the primary diagnostic modality
in some countries [2]. Pediatric appendicitis has been identiﬁed as the
principal pathology accounting for a surge in CT scan utilization in chil-
dren, a trend that needs to be reversed in light of the signiﬁcantly higher
risk of radiation exposure in children [3].S, Pediatric Appendicitis Score;
, Receiver operator characteris-
; Neut%, neutrophil percentage.
ant.
l relationships relevant to this
nterest to disclose.
e institutional review board.
ric Surgery, KK Women’s and
29899. Tel.: +65 6394 1113;
. This is an open access article underThe diagnostic accuracy of pediatric appendicitis may be en-
hanced by the integration of objective clinical predictors, laboratory
markers and imaging investigations into a clinical prediction rule
(CPR). A number of clinical scoring systems have been developed,
the two most popular for use in children being the Alvarado and
Samuel’s Pediatric Appendicitis Score (PAS). However, in a recent
systematic review by Kulik et al. both scores failed to meet the cur-
rent performance benchmarks of CPR. On average, the PAS would
overdiagnose appendicitis by 35%, and the Alvarado score would do
so by 32% [4].
Laboratory inﬂammatory markers, either on its own or as part of a
clinical score, have been employed to improve the predictability of ap-
pendicitis. It has been shown that utilizing two markers concurrently
is more accurate than relying on one alone [5–8]. However, the predic-
tive capability of combining three markers, namely white blood cell
count (WBC), neutrophil percentage (Neut%) and C-reactive protein
(CRP), has not been established in the pediatric population.
The aim of our study is to develop a simple and easily applicable clin-
ical predictionmodel, incorporating 3 laboratorymarkers, prioritized to
rule out appendicitis. This is accompanied by a risk-stratiﬁcation strate-
gy of staged ultrasound examination followed by CT scan only in pa-
tients with equivocal diagnosis. The performance of the derived score
will then be validated against the PAS.the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
Demographic and clinical characteristics.
Derivation Set Validation Set p Value
Sample Size 374 373
Age (years), Median (range) 10 (4–16) 11 (4–16) 0.154
Males, n (%) 213 (57.0) 216 (57.9)
Females, n (%) 161 (43.0) 157 (42.1) 0.883
Complicated Appendicitis, n (%) 40 (33.6) 40 (36.4)
Simple Appendicitis, n (%) 79 (66.4) 70 (63.6) 0.679
Total Appendicitis, n 119 110
Total Nonappendicitis, n 255 263 0.526
Prevalence (%) 31.8 29.5
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2.1. Study design
Thiswas a prospective observational cohort study aimed at collecting
data to develop a new clinical scoring system for childrenwith suspected
appendicitis. The study was conducted between July 2012 and March
2014 and enrolled pediatric patients between the ages of 4 and
16 years. The scorewas developed based on the data from the derivation
group of patients. The discriminative and predictive ability of the devel-
oped score was validated in a different group of patients. The study was
approved by the Central Institutional Research Ethics Board. Informed
written consent was obtained from all parents or legal guardians and as-
sent was obtained from children 7 years and older.
The study took place in the surgical wards of an urban, tertiary chil-
dren’s hospital. All children admitted from the Children’s Emergency
Department with the diagnosis of suspected appendicitis were eligible
for enrollment.
Exclusion criteria included patients with previous appendicectomy
and abdominal surgery, pregnancy, chronicmedical ormalignant condi-
tions (e.g. inﬂammatory bowel disease) and patients who had CT scan
within the previous month.
Eligible patients were identiﬁed and enrolled by the on-duty surgi-
cal registrars and data was entered by the on-duty residents. Two re-
search assistants counterchecked this information prior to entry into a
spreadsheet program.
The patients’ information collected for the derivation set included:
Demographic characteristics (age, gender weight), history of presenta-
tion (location of pain according to abdominal quadrants, duration, char-
acteristics, migration, localization of pain, aggravation of pain by
movement or coughing or walking, anorexia, nausea, vomiting, fever,
stool frequency), clinical signs on physical examination (temperature,
localized tenderness, rebound tenderness, pain on percussion/coughing,
psoas sign, Rovsing’s sign, generalized guarding, bowel sound charac-
teristics, pain on hopping, rectal tenderness), laboratory tests results
(WBC counts, neutrophil percentage, CRP values, urine microscopy),
imaging examination results (ultrasound or CT scan of abdomen), intra-
operative ﬁndings at appendicectomy (presence of faecolith, perfora-
tion, abscess or mass), and histological diagnosis of appendix specimen.
WBC and neutrophil count measurements were performed by stan-
dard laboratory methods using a Sysmex XE-5000 analyzer. CRP levels
were measured with the Abbott Architect c8000 analyzer.
2.2. Outcome measures
Appendicitis diagnosis: The histological diagnosis of appendicitis
entailed the presence of transmural and focal inﬂammatory inﬁltrates
or at least mucosal inﬁltrates. The presence of a faecolith, either at sur-
gery orwithin the resected appendixwas diagnostic of appendicitis. The
diagnosis of complicated appendicitis was reserved for perforation or
gangrene of the appendix on histology or presence of abscess or inﬂam-
matory mass at time of surgery.
Nonappendicitis diagnosis: All patients suspected of appendicitis
were observed in the ward until pain free for at least 24 hours current
institution practice. All equivocal cases were subjected to ultrasound
(US) study, or CT scan if the US was not diagnostic.
2.3. Statistical methods for construction of the clinical score
The patients’ information from the derivation cohortwas used to de-
velop our new score. Based on the estimated coefﬁcient from backward
logistic regression, candidate predictors and their corresponding
weightage were identiﬁed. Six predictors with p value b0.05 were
retained in the raw score.
Laboratory predictors with continuous values were converted into
categorical variables using ROC analysis to obtain best cutoff points todifferentiate between the disease and nondisease group model. The
‘normal-value cutoff’ referred to the normal reference limits used in
our laboratory: WBC b 10,000/L, neutrophil percentage (%) b 75% and
CRP b 5 g/L.
Statistical analysis was performed with IBM SPSS statistics 19 and
GraphPad Prism6.
2.4. Validation of the score and comparing it to the PAS
The constructed Children's Appendicitis Score (CAS) was then vali-
dated by a separate cohort of patients. Receiver operator characteristic
curve (ROC) was analyzed and comparison of the areas under the
curve (AUC) between the ﬁnal CAS and the Pediatric Appendicitis
Score was made. A score with perfect discriminatory ability would
have an AUC of 1.0 while one unable to distinguish between appendici-
tis and nonappendicitis would have an AUC of 0.50.
3. Results
The demographic and clinical characteristics of the derivation and
validation set of patients are shown in Table 1: 374 patients were en-
rolled in the derivation set and 373 patients were used in the validation
set. The distributions of age and gender as well as prevalence of appen-
dicitis were comparable in both sets.
Statistical analysis of the derivation cohort identiﬁed two indepen-
dent sets of predictors, each with substantial discriminatory capability.
One of them was a set of three combined laboratory inﬂammatory
markers while the other was a combination of clinical and laboratory
predictors that could be formulated into a raw score.
3.1. Diagnostic performance of WBC, neutrophil percentages and CRP
Individually, when each of WBC, Neut% and CRP was normal, 4.5%,
10.7% and 5.3% of our patients were diagnosed with appendicitis respec-
tively. Howeverwhenall threemarkerswere normal, none of the patients
in thederivation cohortwasdiagnosedwith appendicitis. Thereforewhen
all three markers were normal, the discriminatory ability to rule out ap-
pendicitis had a sensitivity of 100%, negative predictive value of 100%
and negative likelihood ratio of zero (Table A.1).
This capability of the combined triple markers made them an ideal
“rule-out” instrument. However their low speciﬁcity of only 24.7% and
low positive predictive value of 38.3% severely limited their utility as a
standalone predictive tool for appendicitis.
3.2. Construction of the ‘raw score’ and ﬁnal score
From the initial 41 variables, 6 potential predictors met the criteria
for entry into our raw score based on backward logistic regression anal-
ysis. The predictors and their corresponding weights were translated to
score points (Table 2). This constitutes the ‘raw score’ component of our
ﬁnal score. ‘Localized right iliac fossa (RIF) tenderness’, ‘generalized
guarding’ and WBC count were given higher weight age than ‘constant
pain’, ‘pain on percussion or coughing’ and CRP level.
Table 2
Predictors and weightage of raw score.
Predictors Weightage
Characteristics of Pain: Constant 1.0
Localized Right Iliac Fossa (RIF) Tenderness 1.5
Pain on Percussion/Coughing 1.0
Generalized Guarding 1.5
WBC ≥ 14,000/L 1.5
CRP ≥ 24 g/L 1.0
Fig. 2. Frequency distribution of CAS with 2 cutoffs (Validation Set).
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to categorical variables with the most discriminatory cutoff values as
14,000/L and 24 g/L respectively.
The high predictive capability of the triplemarkers distinguished itself
and was therefore retained as a decisive coefﬁcient “A”. A = ‘zero’ when
all three markers were normal. A = ‘one’ when any one of the triple
markers was elevated. By incorporating the triple markers coefﬁcient
“A” and the set of predictors of the ‘raw score’ into amathematical formu-
la, we derived the ﬁnal score:
Children Appendicitis Score CASð Þ
¼ coefficient “A” multiply by ‘raw score’
The ﬁnal CAS totaled up to a score that ranged from 0 to 7.5 points (0.5
doesnot exist as theminimumscore is 1)with interval ofﬁve tenths or 0.5.
The area under the ROC curve for our new score based on the deriva-
tion cohort was 0.879 (95% CI 0.843–0.914) (Fig. 1).
3.3. Diagnostic performance of CAS with risk stratiﬁcation in
validation cohort
For the purpose of further risk stratiﬁcation into 3 diagnostic zones,
two threshold cutpoints were identiﬁed on the ROC analysis of the der-
ivation set. The 3 diagnostic zones could be used to categorize patients
into low, intermediate and high probability groups (Fig. 2).
The ‘low probability’ group (any scores below 1.5), had a sensitiv-
ity of 98.2% with a negative predictive value of 98.8% for appendicitis
and a negative likelihood ratio of 0.02: 167 (44.8%) patients were
categorized into this group. Among the 263 patients without appen-
dicitis, 166 (63%) were correctly classiﬁed into the ‘low probability’
group. However, the score misclassiﬁed one patient into the ‘low-
probability’ category. This patient had appendicitis despite normal
triple marker values.
A ‘high probability’ groupwith score above 5would identify patients
who had appendicitis with certainty. This threshold level had a high
speciﬁcity of 99.6% with a 94.4% positive predictive value to ‘rule in’Fig. 1. ROC curves for detection of appendicitis bythe diagnosis of appendicitis.Within the ‘high probability’ group, 17 pa-
tients with either acute or complicated appendicitis were correctly clas-
siﬁed. However one patient with an ovarian pathology fell into this
category thus giving us a negative appendicectomy rate of 5.5%. This pa-
tient would still have necessitated surgical exploration.
Within the ‘intermediate probability’ group of 176 (47.2%) patients,
the diagnosis of nonappendicitis vs. appendicitis was 54.2% and 45.8%
respectively. As such, the discriminatory ability of the score was not dis-
tinct enough in this group. Additional imaging study of ultrasound ex-
amination of the abdomen was required. The risk-stratiﬁcation
strategy of the CAS was summarized in Fig. 3.3.4. Diagnostic performance of the CAS compared with PAS
The AUC for our new score based on the derivation cohort was 0.88
(95% CI 0.84–0.91) as compared to PAS’s AUC of 0.84 (95% CI 0.80–0.88).
The AUCof our CAS on the validation cohortwas 0.91 (95%CI 0.88–0.94)
compared to that of PAS 0.89 (95% CI 0.85–0.92) (Fig. 1). However the
differences did not reach statistical signiﬁcance.
However if a similar risk stratiﬁcation strategy was applied to the
PAS, its diagnostic performancewould also be improved (Table 3). Com-
paring both CAS and PASwith risk stratiﬁcation, our score still retained a
higher discriminatory performance at the low cutoff threshold with a
higher speciﬁcity and positive predictive value which was statistically
signiﬁcant. The diagnostic accuracy of both scores at high cutoff points
was comparable in terms of sensitivity, speciﬁcity, positive and negative
predictive value. Although the CAS still out performed the PAS on likeli-
hood ratio, this was not statistically signiﬁcant.CAS and PAS in derivation and validation set.
Fig. 3. Flowchart of Children Appendicitis Score with risk stratiﬁcation.
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The CAS performancewas analyzed across 3 age groups: 4 to 8 years,
9 to 12 years and 13 to 16 years (Fig. A.1). The AUC for each was 0.908
(95% CI 0.853–0.964), 0.873 (95% CI 0.817–0.929) and 0.850 (95% CI
0.775–0.926) respectively. It appeared that the CAS was more discrimi-
natory in the youngest age group.4. Discussion
Using our newly developed CAS, we were able to ‘rule out’ 63% of the
patients without appendicitis by classifying them correctly to the low
probability group. This capability surpassed the diagnostic performance
of the PAS score even with stratiﬁcation as proposed by us. This demon-
strates the potential of our score to exclude appendicitis accurately and
thereby reducing the largenumberof patients thatwouldhaveneeded im-
aging studies or in-hospital observation.However, thepredictive capability
of our score in the high probability group was similar to that of the PAS.
To the best of our knowledge this is the ﬁrst study utilizing a combi-
nation of 3 laboratory inﬂammatory markers (WBC, CRP and neut%) to
improve the diagnostic accuracy for suspected appendicitis in children.Table 3
Diagnostic characteristics of CAS and PAS according to the cutoff points comparing be-
tween Derivation Set and Validation Set.
Cutoff Point
CAS PAS
Diagnostic Value b1.5 points N5 points b3 points N7 points
Derivation Set
Sensitivity 0.97 0.19 0.97 0.21
Speciﬁcity 0.51⁎ 0.99 0.40⁎ 0.98
PV+ 0.48 0.88 0.43 0.86
PV− 0.97 0.72 0.97 0.72
LR+ 1.96 15.71 1.59 3.25
LR− 0.07 0.82 0.07 0.76
Validation Set
Sensitivity 0.98 0.15 0.98 0.15
Speciﬁcity 0.63✝ 1.00 0.51✝ 1.00
PV+ 0.55φ 0.95 0.46φ 0.94
PV− 0.99 0.72 0.99 0.74
LR+ 2.63 40.65 2.00 38.25
LR− 0.03 0.85 0.04 0.86
PV+ = Positive Predictive Values.
PV− = Negative Predictive Value.
LR+ = Positive Likelihood Ratio.
LR− = Negative Likelihood Ratio.
⁎ p = 0.019.
ᶧ p = 0.001.
ᵠ p = 0.003.This is also the ﬁrst study to incorporate the 3 markers into a clinical
scoring system.
In a systematic review and metaanalysis by Yu et al., CRP had the
best discriminative capability followed by WBC, and was deﬁnitely su-
perior to procalcitonin [8,9]. It was ﬁrst alluded to by Shogilev et al.
that multiple laboratory markers, when used in combination, would
greatly increase their diagnostic utility [7]. In our study, we had one pa-
tientwith all triplemarkers normal but yet conﬁrmedwith appendicitis.
This limitation we encountered with CRP values in appendicitis may be
related to its time-dependent response characteristic. For WBC and ab-
solute neutrophil count, the greatest discriminative accuracy for appen-
dicitis is within 24 hours of onset of pain whereas for CRP, it is more
accurate between the 24 and 48 hours period. This only afﬁrms the dy-
namic and evolving process of inﬂammation in appendicitis [10].
Our score’s performance was greatly improved when two threshold
cutoffs with three probability groups were used. This same sentiment
was reﬂected in prior reviews on the validation of the PAS score
[11–13]. Goldman et al. recommended that the PAS utilize a low cutoff
of less than 2 for high validity for ruling out appendicitis and a score
of more than 7 for predicting appendicitis [14]. If the original descrip-
tion of PAS with only a single cutoff point was applied to our validation
cohort, we would have misdiagnosed 55% of appendicitis and have a
negative exploration rate of 27%.
We had 8 negative appendicectomies in the validation set. Seven of
them would have been classiﬁed into the intermediate group had the
new score been applied. All of themwould then have had further preop-
erative imaging studies that may have obviated the negative explora-
tion. In our institute, the sensitivity of ultrasound study in diagnosing
appendicitis, when the appendix was visualized, was 84%. CT scans are
only performed if the appendix is not visualized on US or if the US ﬁnd-
ings are equivocal. Adopting the ALARA concept (as low as reasonably
achievable) of radiation dosing tominimize potential risks, we advocate
such a staged ultrasound and CT scan protocol [3].
The superiority of our score is in the ease of execution. Our score
comprised only 4 clinical and 3 laboratory predictors. The retained pre-
dictors in the raw score reﬂect the objective evidence of inﬂammatory
involvement of the appendix. Subjective variables such as ‘migration
of pain’, ‘anorexia’ and ‘nausea’ were found to be not diagnostic in our
cohort. This could be related to language understanding as English is
not the ﬁrst language of many of our children. Furthermore, translation
into different languages such as Chinese, Malay and even Tamil is fre-
quently requested by parents as well as patients.
For clinical predictive rules used in the pediatric population, the
overall benchmark performance requires a sensitivity of .0.98 with a
negative likelihood ratio of b0.01 [4,15]. Our score’s performance on
the validation set was able to achieve the sensitivity of 0.98 but a nega-
tive likelihood ratio (LR−) of 0.02.
5. Limitation
One limitation of our study is that it was based on a population of pa-
tients from a single center. In addition, the patients were admitted to
the surgical wards after being screened by emergency medicine physi-
cians who had excluded other childhood illnesses. Moreover multiple
surgical registrars and residents assessed the patients and collected
the data, therefore interobserver variability should be taken into ac-
count. However, this could be reﬂective of real-life utilization of the
score. In addition, wewere not able to ensure the enrollment of consec-
utive patients which resulted in missing data
Management of children with suspected appendicitis is still chal-
lenging and optimal clinical decision making is still being debated. We
have developed and validated a new clinical prediction model, the
CAS, which is composed of a clinical scoring system and a ‘rule-out coef-
ﬁcient’ utilizing a combination of 3 inﬂammatorymarkers. The diagnos-
tic efﬁcacy of the CAS is furthermaximized by risk stratiﬁcation. The CAS
outperforms the PAS in ruling out appendicitis particularly for children
Table A.1
Diagnostic accuracy of WBC, neutrophil, CRP and in combination.
App Nonapp Sensitivity (%) Speciﬁcity (%) PPV (%) NPV (%)
WBC ≥ 10,000/L + 102 126 85.7 50.6 44.7 0.9
− 17 129
Neutrophil ≥ 75% + 79 80 66.4 68.6 49.7 81.4
− 40 175
CRP ≥ 5 g/L + 99 143 83.2 43.9 40.9 84.8
− 20 112
Combined Triple Markers + 119 192 100.0 24.7 38.3 100.0
− 0 63
Appendix A
Fig. A.1. Age stratiﬁed ROC curve of CAS and PAS.
2055T.-L. Yap et al. / Journal of Pediatric Surgery 50 (2015) 2051–2055aged 12 and below. In addition, it limits the number of patients requiring
further imaging examination by identifying patientswith equivocal diag-
nosis. The score however would need further evaluation by external
centers.
Acknowledgements
The studywas supported by the SingHealth FoundationResearchGrant.
The authors thankDr Li Xiangzhen, Fay for editing the ﬁnalmanuscript.
References
[1] Bundy DG, Byerley JS, Liles EA, et al. Does this child have appendicitis? JAMA 2007;
298:438–51.
[2] Martin AE, Vollman D, Adler B, et al. CT scans may not reduce the negative appen-
dectomy rate in children. J Pediatr Surg 2004;39:886–90.
[3] Shah NB, Platt SL. ALARA: is there a cause for alarm? Reducing radiation risks from
computed tomography scanning in children. Curr Opin Pediatr 2008;20:243–7.
[4] Kulik DM, Uleryk EM, Maguire JL. Does this child have appendicitis? A systematic re-
view of clinical prediction rules for children with acute abdominal pain. J Clin
Epidemiol 2013;66:95–104.[5] Andersson RE. Meta-analysis of the clinical and laboratory diagnosis of appendicitis.
Br J Surg 2004;91:28–37.
[6] Sengupta A, Bax G, Paterson-Brown S. White cell count and C-reactive protein mea-
surement in patients with possible appendicitis. Ann R Coll Surg Engl 2009;91:
113–5.
[7] Shogilev DJ, Duus N, Odom SR, et al. Diagnosing appendicitis: evidence-based review
of the diagnostic approach in 2014. West J Emerg Med 2014;15:859–71.
[8] Yu CW, Juan LI, WuMH, et al. Systematic review andmeta-analysis of the diagnostic
accuracy of procalcitonin, C-reactive protein and white blood cell count for
suspected acute appendicitis. Br J Surg 2013;100:322–9.
[9] Wang LT, Prentiss KA, Simon JZ, et al. The use of white blood cell count and left shift
in the diagnosis of appendicitis in children. Pediatr Emerg Care 2007;23:69–76.
[10] Kharbanda AB, Cosme Y, Liu K, et al. Discriminative accuracy of novel and traditional
biomarkers in children with suspected appendicitis adjusted for duration of abdom-
inal pain. Acad Emerg Med 2011;18:567–74.
[11] BhattM, Joseph L,DucharmeFM, et al. Prospective validationof thepediatric appendicitis
score in a Canadian pediatric emergency department. Acad Emerg Med 2009;16:591–6.
[12] Fleischman RJ, Devine MK, YagapenMA, et al. Evaluation of a novel pediatric appen-
dicitis pathway using high- and low-risk scoring systems. Pediatr Emerg Care 2013;
29:1060–5.
[13] Schneider C, Kharbanda A, Bachur R. Evaluating appendicitis scoring systems using a
prospective pediatric cohort. Ann Emerg Med 2007;49:778–84.
[14] Goldman RD, Carter S, Stephens D, et al. Prospective validation of the pediatric ap-
pendicitis score. J Pediatr 2008;153:278–82.
[15] Maguire JL, Kulik DM, Laupacis A, et al. Clinical prediction rules for children: a sys-
tematic review. Pediatrics 2011;128:e666–77.
